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VEHICULAR UNDERCOVER AND METHOD
OF MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2014-101101 filed May 15, 2014. The
entire contents of the priority application are incorporated
herein by reference.

FIELD OF THE INVENTION

The present disclosure relates to a vehicular undercover
and a method of manufacturing the vehicular undercover.

BACKGROUND OF THE INVENTION

A vehicular undercover such as an engine undercover is
manufactured by molding a sheet made of synthetic resin
into a product shape.

Projections and recesses are continuously and alternately
formed on two surfaces of a sheet member to improve
rigidity of the sheet member. However, such a vehicular
undercover having the projections and recesses does not
keep flatness of a surface thereof, especially a vehicular
exterior side surface. Therefore, air resistance during vehi-
cle’s moving may be increased and aerodynamic perfor-
mance of a vehicle may be deteriorated.

An objective of the present technology is to provide a
vehicular undercover that is formed by molding a sheet
member made of synthetic resin and that maintains a flat
surface thereof and high rigidity. Another objective of the
present technology is to provide a method of manufacturing
such a vehicular undercover.

SUMMARY OF THE INVENTION

To solve the above problems, a vehicular undercover
constituting a lower surface of a vehicle and molded from a
synthetic resin sheet includes a cover main body having a
plate shape including one surface that is a flat surface and
another surface that is opposite to the one surface, a rein-
forcing rib projecting from the other surface of the cover
main body, and at least two auxiliary ribs projecting form the
other surface of the cover main body and sandwiching the
reinforcing rib therebetween. The cover main body includes
a first portion that is between the at least two auxiliary ribs
and has a first thickness, the cover main body includes a
second portion that is on an opposite side to the first portion
with respect to each of the at least two auxiliary ribs and has
a second thickness, and the first thickness is smaller than the
second thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view illustrating an engine undercover
according to one embodiment of the present technology.

FIG. 2 is a cross-sectional view of the engine undercover
taken along line II-II in FIG. 1.

FIG. 3 is a cross-sectional view of the engine undercover
taken along line III-IIT in FIG. 1.

FIG. 4 is a cross-sectional view of a molding device that
forms the engine undercover in FIG. 1.

FIG. 5 is a cross-sectional view of the molding device in
a rib forming process.
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FIG. 6 is a cross-sectional view of the molding device in
a vacuum molding process.

FIG. 7 is an enlarged cross-sectional view illustrating
surroundings of a reinforcing rib in FIG. 5.

FIG. 8 is a cross-sectional view of an engine undercover
according to a comparative example.

DETAILED DESCRIPTION OF EMBODIMENTS

An engine undercover 10 according to one embodiment
will be described as a vehicular undercover with reference to
FIGS. 1 to 8. The engine undercover 10 covers an engine
(not illustrated) mounted in a vehicle from a lower side with
respect to the vehicle. The engine undercover 10 is attached
to a vehicular panel from a lower side with respect to the
vehicle and constitutes a lower surface (a bottom portion) of
the vehicle.

As illustrated in FIGS. 1 and 2, the engine undercover 10
is obtained by molding a sheet member made of synthetic
resin (for example, thermoplastic resin such as polyethyl-
ene). The engine undercover 10 includes a cover main body
11 having a plate-like shape and walls 12 that extend from
peripheral edges of the cover main body 11. As illustrated in
FIG. 1, the cover main body 11 has a substantially plan view
U-shape. As illustrated in FIG. 2, the cover main body 11 has
one surface 11A (a lower surface) that is a vehicular exterior
surface and is a flat surface. The cover main body 11 does
not necessarily have a substantially plan view U-shape but
may be altered as appropriate. For example, the cover main
body 11 may have a plan view square shape.

The cover main body 11 has another surface 11B that is
opposite from the one surface 11A and is a vehicular interior
surface. As illustrated in FIG. 1, the cover main body 11
includes reinforcing ribs 21 (first ribs) and auxiliary ribs 22
(second ribs) on the other surface 11B. Every pair of the
auxiliary ribs 22 sandwiches each of the reinforcing ribs 21.
The two auxiliary ribs 22 and the reinforcing rib 21 arranged
between the two auxiliary ribs 22 constitute a set of ribs and
sets of ribs including the reinforcing ribs 21 and auxiliary
ribs 22 are arranged on the other surface 11B.

Each of the reinforcing ribs 21 has an elongated shape and
extends along a short dimension in a corresponding portion
of the cover main body 11. The auxiliary ribs 22 extend
along the reinforcing rib 21. The reinforcing rib 21 has a
shape such that a width thereof decreases as the reinforcing
rib 21 projects from the other surface 11B toward a projected
end thereof. Namely, the reinforcing rib 21 has a width
smaller at a projected end than at a basal portion. The width
of the reinforcing rib 21 may be constant along a projection
length thereof. Namely, the reinforcing rib 21 may have a
constant width from the basal portion to the projected end.

The auxiliary rib 22 has a shape such that a width thereof
decreases as the auxiliary rib 22 projects from the other
surface 11B toward a projected end thereof and has a round
projected end surface. Namely, the auxiliary rib 22 has a
width smaller at a projected end than at a basal portion. The
auxiliary rib 22 does not necessarily have such a shape.

As illustrated in FIG. 7, the auxiliary rib 22 has a
projection height H2 from the other surface 11B and the
reinforcing rib 21 has a projection height H1 from the other
surface 11B, and the projection height H2 is smaller than the
projection height H1.

The basal portion of the auxiliary rib 22 has a width B2
greater than a width B1 of the basal portion of the reinforc-
ing rib 21. The width B2 of the auxiliary rib 22 corresponds
to a length thereof extending in a direction perpendicular to
the elongated direction of the auxiliary rib 22. As illustrated
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in FIG. 7, the cover main body 11 includes a portion R2 that
is between one set of the auxiliary ribs 22 and a portion R1
that is between the auxiliary rib 22 included in one set and
the auxiliary rib 22 included in another set that is adjacent
to the one set. The portion R2 has a thickness T2 smaller
than a thickness T1 of the portion R1. As illustrated in FIG.
2, the portion R2 has a length 1.2 smaller than a length [.1
of the portion R1.

As illustrated in FIGS. 1 and 3, the walls 12 includes walls
12A and 12B that are opposed to each other and the
reinforcing ribs 21 and the auxiliary ribs 22 extend from the
wall 12A to the wall 12B. Accordingly, the walls 12A and
12B have enhanced rigidity.

The cover main body 11 includes clip seats 13 on the other
surface 11B and the clip seats 13 are projected from the other
surface 11B. Clips (not illustrated) are mounted in the
respective clip seats 13 so that the engine undercover 10 is
attached to the vehicular panel.

Next, a molding device 30 for manufacturing the engine
undercover 10 will be described. As illustrated in FIG. 4, the
molding device 30 includes an upper die 31 (a first molding
die) and a lower die 51 (a second molding die). The molding
device 30 molds a sheet member 16 illustrated in FIG. 4
between the upper die 31 and the lower die 51 into the
engine undercover 10.

The upper die 31 and the lower die 51 are moved to be
relatively closer to and away from each other by a driving
device such as an electric motor, an air cylinder, or a
hydraulic cylinder (not illustrated). Thus, the upper die 31
and the lower die 51 are configured to be moved to open and
close the molding dies. The molding device 30 is in a closed
state (FIG. 5) when the upper die 31 and the lower die 51 are
closed, and the molding device 30 is in an open state (FIG.
4) when the upper die 31 and the lower die 51 are open.

The upper die 31 has an opposed surface that is opposite
the lower die 51 and has a molding recess 32 on the opposed
surface. The molding recess 32 has a shape following the
one surface 11A on the vehicular exterior side of the engine
undercover 10. A recessed bottom of the molding recess 32
has suction through holes 33. Each of the suction through
holes 33 is communicated with a vacuum chamber 34 that is
inside the upper die 31 and the vacuum chamber 34 is
connected to an air pressure control device such as a pump
(not illustrated).

The sheet member 16 is placed between the upper die 31
and the lower die 51 and the air pressure control device is
activated to apply negative pressure to the sheet member 16
through the suction through holes 33 (vacuuming). Accord-
ingly, the sheet member 16 is suctioned to be closely
adhered to an inner surface of the molding recess 32 and
molded into a shape following an inner shape of the molding
recess 32. A bottom surface 32A of the molding recess 32 is
a flat surface and has a shape following the one surface 11A
of the cover main body 11, that is, the vehicular exterior
surface.

The lower die 51 has an opposed surface that is opposite
the upper die 31 and includes pressing members 52 that
project from the opposed surface toward the upper die 31.
The pressing members 52 are used to form the reinforcing
ribs 21 and auxiliary ribs 22 and have elongated block-like
shape extending along the reinforcing ribs 21.

Each of the pressing members 52 has a pressing surface
52A that is opposed to the upper die 31 and the pressing
members 52 press the sheet member 16 with the pressing
surfaces 52A. The pressing members 52 have recesses 52B
on the respective pressing surfaces 52A to form the rein-
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forcing ribs 21. Each of the recesses 52B has a groove shape
that follows the shape of the reinforcing rib 21.

Next, a method of manufacturing the engine undercover
10 according to the present embodiment will be described.
The method of manufacturing the engine undercover 10
according to the present embodiment includes a rib molding
process and a vacuum molding process. In FIGS. 4 to 6, a
part of the engine undercover 10 is illustrated. However, the
upper die 31 and the lower die 51 having shapes correspond-
ing to a shape of the whole engine undercover 10 are
prepared to manufacture the engine undercover 10.

(Rib Molding Process)

As illustrated in FIG. 4, in the rib molding process, the
sheet member 16 is placed between the upper die 31 and the
lower die 51. The sheet member 16 is made of polyethylene
that is an example of thermoplastic resin.

The sheet member 16 is made by an extruder (not illus-
trated). The extruder extrudes heated polyethylene into a
sheet to obtain the sheet member 16. The sheet member 16
that is extruded by the extruder and placed between the
upper die 31 and the lower die 51 is still heated and is
softened.

After the sheet member 16 is placed between the upper die
31 and the lower die 51, the upper die 31 and the lower die
51 are closed. Accordingly, the pressing surfaces 52A are
pressed against the other surface 11B of the sheet member
16. As illustrated in FIG. 7, the portions R2 of the sheet
member 16 are pressed by the respective corresponding
pressing surfaces 52A so that a part of softened thermoplas-
tic resin of the sheet member 16 corresponding to the portion
R2 enters an inner space of the recess 52B of each pressing
surface 52A. Namely, in the portions R2 of the sheet
member 16, the softened thermoplastic resin near the
recesses 52B enters the recesses 52B. As a result, the
thermoplastic resin in the recesses 52B form the reinforcing
ribs 21. The upper die 31 is not illustrated in FIG. 7.

As illustrated in FIG. 7, the portions R2 of the sheet
member 16 are pressed by the respective corresponding
pressing surfaces 52A and another part of the softened
thermoplastic resin of the sheet member 16 is pushed
outwardly from each pressing surface 52A. The other part of
the softened thermoplastic resin is different from the part
that enters the inner space of the recess 52B. Namely, in the
portions R2 of the sheet member 16, the softened thermo-
plastic resin near edge portions of the pressing surfaces 52A
are pushed outwardly from the edge portions. Accordingly,
the other part of the softened thermoplastic resin near the
edge portions of the pressing surfaces 52A is pushed out-
wardly from the edge portions and the other part of the
softened thermoplastic resin is raised along the edge por-
tions of the pressing surfaces 52A to mold the auxiliary ribs
22. The portion R2 that is pressed by the pressing surface
52A has a thickness smaller than that of the portion R2
before the pressing. Namely, the thickness T2 of the portion
R2 is smaller than the thickness T1 of the sheet member 16
before the pressing.

(Vacuum Molding Process)

After the rib molding process, in the vacuum molding
process, the air pressure control device is activated to apply
negative pressure to the pressed sheet member 16 through
the suction through holes 33 with the upper die 31 and the
lower die 51 being closed. Accordingly, as illustrated in FIG.
6, the heated sheet member 16 is suctioned and molded to
have a shape following the shape of the molding recess 32
with vacuum molding. Namely, the one surface 11A (the
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vehicular exterior side surface) of the sheet member 16
becomes flat and the walls 12A, 12B are formed at the edges
of the sheet member 16.

The sheet member 16 after the vacuum molding is cooled
down by a cooling device (not illustrated) and then, trans-
ferred to a pressing die (not illustrated). The sheet member
16 is subjected to the trimming operation with the pressing
die so as to correspond to an outer shape of the engine
undercover 10. Accordingly, the engine undercover 10 is
produced.

Next, advantageous effects of the present embodiment
will be described. According to the engine undercover 10 of
the present embodiment, the cover main body 11 includes
the reinforcing ribs 21 and the auxiliary ribs 22 on the other
surface (the vehicular interior side surface) 11B. Accord-
ingly, the rigidity of the cover main body 11 is enhanced.
The cover main body 11 has the one surface (the vehicular
exterior side surface) 11A that is flat. Thus, the cover main
body 11 has enhanced rigidity with having the one flat
surface and the other surface having the ribs.

As illustrated in FIG. 8, if a cover main body 2 includes
continuously recesses 3 and projections 4, namely, if the
cover main body 2 includes recesses and projections on both
surfaces thereof, a lower surface (a vehicular exterior side
surface) of the cover main body 2 is not a flat surface.
Therefore, the air resistance is increased while the vehicle is
driving, and the vehicle aerodynamic performance may be
deteriorated.

According to the present embodiment, the one surface of
the cover main body 11 is flat and therefore, the aerody-
namic performance is less likely to be deteriorated. There-
fore, the engine undercover 10 made by molding a synthetic
resin sheet member includes a surface (a vehicular exterior
side surface) that is flat and the engine undercover 10 has
enhanced rigidity.

The height H2 of each auxiliary rib 22 from the other
surface 11B is smaller than the height H1 of each reinforcing
rib 21 from the other surface 11B. In the rib molding
process, the time or the pressing force of pressing the sheet
member 16 with the upper die 31 and the lower die 51 may
be controlled to obtain the above configuration, for example.
According to such a configuration, the stability and rigidity
of the auxiliary ribs 22 are further enhanced.

The width B2 of the auxiliary rib 22 is greater than the
width B1 of the reinforcing rib 21. In the rib molding
process, the time or the pressing force of pressing the sheet
member 16 with the upper die 31 and the lower die 51 may
be controlled to obtain the above configuration, for example.
Accordingly, the rigidity of each of the auxiliary ribs 22 is
enhanced and the portion R2 between a pair of the auxiliary
ribs 22 has enhanced rigidity. According to the present
embodiment, a part of the portion R2 of the sheet member
16 pressed by the pressing surface 52A constitutes the
reinforcing rib 21. The height H1 of the reinforcing rib 21 is
increased by decreasing the width B1 of the reinforcing rib
21.

According to the present embodiment, as illustrated in
FIG. 7, the thickness T2 of the portion R2 between the pair
of auxiliary ribs 22 is smaller than the thickness T1 of the
portion R1 outside each auxiliary rib 22. Such a configura-
tion is obtained by pressing the sheet member 16. Therefore,
the portion R2 between the pair of auxiliary ribs 22 has a
density higher than that of the portion R1 outside each
auxiliary rib 22 and the rigidity of the portion R2 is
enhanced. The portion R2 having the thickness T2 smaller
than the thickness T1 of the portion R1 still maintains
rigidity.
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With the method of manufacturing the engine undercover
10 according to the present embodiment, the reinforcing ribs
21 are molded on the other surface 11B and therefore, the
rigidity of the engine undercover 10 is enhanced. The
rigidity of the engine undercover is enhanced by providing
the ribs on the other surface 11B of the sheet member 16.
With such a configuration, the one surface 11A (the vehicu-
lar exterior side surface) of the sheet member 16 is made to
be flat. Accordingly, the engine undercover 10 has enhanced
rigidity with maintaining a flat surface (on a vehicular
exterior side surface).

In the rib molding process, the other part of the sheet
member 16 near the edge portion of the pressing surface 52A
is pushed by the pressing surface 52A outwardly from the
edge portion so as to mold the pair of auxiliary ribs 22 on the
other surface 11B (the vehicular interior side surface) sand-
wiching the reinforcing rib 21 therebetween.

According to the present embodiment, the reinforcing rib
21 and the pair of auxiliary ribs 22 sandwiching the rein-
forcing rib 21 therebetween are molded so that the rigidity
of the cover main body is enhanced.

According to the present embodiment, the sheet member
16 is pressed by the pressing members 52 to mold the
reinforcing ribs 21 and the auxiliary ribs 22. The sheet
member 16 is sandwiched between the upper die 31 and the
lower die 51 that are closed and pressed therebetween so that
the reinforcing ribs 21 and the auxiliary ribs 22 are molded
at the same time. Accordingly, the molding dies have more
simple configurations compared to those used for injection
molding.

If the auxiliary ribs are molded with injection molding,
the auxiliary ribs are necessarily removed from the die.
According to the present embodiment, a part of the sheet
member 16 is pressed by the pressing member 52 to mold
the auxiliary rib 22. Therefore, a special step of removing
the molded auxiliary rib 22 from the die is not necessary and
the pressing member 52 is easily separated from the sheet
member 16.

According to the present embodiment, the sheet member
16 that is pressed by the pressing member 52 is subjected to
the vacuum molding. Therefore, during the vacuum mold-
ing, the sheet member 16 is held by the pressing members
52.

Other Embodiments

The present technology is not limited to the description as
described above with reference to the drawings. For
example, the present technology may include following
embodiments.

(1) In the above embodiment, the engine undercover 10 is
used as the vehicular undercover. However, a floor under-
cover that covers a bottom portion of a vehicle may be used
as the vehicular undercover.

(2) In the above embodiment, the vacuum molding pro-
cess is carried out after the rib molding process. However,
the rib molding process may be carried out after the vacuum
molding process or the rib molding process and the vacuum
molding process may be carried out simultaneously.

(3) The material of the sheet member 16 may not limited
to be the ones described in the above embodiment and may
be altered as appropriate. For example, the sheet member 16
may be made of a material obtained by impregnating fibers
with thermoplastic resin (for example, polypropylene).
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The invention claimed is:

1. A vehicular undercover constituting a lower surface of
a vehicle and molded from a synthetic resin sheet, the
vehicular undercover comprising:

a cover main body having a plate shape including one
surface that is a flat surface and another surface that is
opposite to the one surface;

a reinforcing rib projecting from the other surface of the
cover main body; and

at least two auxiliary ribs projecting from the other
surface of the cover main body and sandwiching the
reinforcing rib therebetween, wherein

the cover main body, the reinforcing rib and the at least
two auxiliary ribs are molded from the synthetic resin
sheet to define an integrally molded unitary member
where the cover main body, the reinforcing rib and the
at least two auxiliary ribs are solid synthetic resin,

the cover main body includes a first portion that is
between the at least two auxiliary ribs which sandwich
the reinforcing rib and has a first thickness,

the cover main body further includes a second portion that
is on an opposite side to the first portion with respect to
each of the at least two auxiliary ribs and has a second
thickness, and

the first thickness is smaller than the second thickness.

2. The vehicular undercover according to claim 1,

wherein

the reinforcing rib projects from the other surface and has
a first projection height,

each of the at least two auxiliary ribs projects from the
other surface and has a second projection height, and

the first projection height is greater than the second
projection height.

3. The vehicular undercover according to claim 1,

wherein

each of the at least two auxiliary ribs has a width greater

than a width of the reinforcing rib.
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4. The vehicular undercover according to claim 1,
wherein
the one surface is a vehicular exterior surface and the
other surface is a vehicular interior surface.
5. The vehicular undercover according to claim 1,
wherein
the at least two auxiliary ribs and the reinforcing rib
arranged between the at least two auxiliary ribs con-
stitute a set of ribs, and
the cover main body includes a plurality sets of ribs on the
other surface.
6. The wvehicular undercover according to claim 5,
wherein
the first portion is between the at least two auxiliary ribs
included in each of the plurality sets of ribs, and
the second portion is between one of the two auxiliary ribs
included in one of the plurality sets of ribs and one of
the two auxiliary ribs included in another one of the
plurality sets of ribs, the other set of ribs is adjacent to
the one set of ribs.
7. The vehicular undercover according to claim 6,
wherein
the first portion has a first length and the second portion
has a second length, and
the first length is smaller than the second length.
8. The vehicular undercover according to claim 1,
wherein
the cover main body has peripheral edges including at
least two opposing edges, and
the cover main body includes side walls extending from
the at least two opposing edges, respectively.
9. The vehicular undercover according to claim 8,
wherein
the reinforcing rib and the at least two auxiliary ribs
extend from one of the side walls to another one of the
side walls.
10. The vehicular undercover according to claim 1,
wherein
a density of the first portion of the cover main body is
greater than a density of the second portion of the cover
main body.



